Abstract. The electron Green's functions G(k, ω) within the t − J model and in the regime of intermediate doping is studied analytically using equations of motion for projected fermionic operators and the decoupling of the self energy into the single-particle and spin fluctuations. It is shown that the assumption of marginal spin dynamics at T = 0 leads to an anomalous quasiparticle damping. Numerical results show also a pronounced asymmetry between the hole (ω < 0) and the electron (ω > 0) part of the spectral function, whereby hole-like quasiparticles are generally overdamped.
I. Introduction
The understanding of low-energy excitations in metals with strongly correlated electrons is at present one of the central challenges within the solid-state physics. Theoretical investigations have been to large extent motivated by the observation of anomalous electronic properties of superconducting cuprates. We shall discuss here only the state of the 'strange' metal, as manifested in cuprates at T > T c . Our study is devoted to the single-particle response, which is in cuprates investigated directly by the angle resolved photoemission (ARPES) probing the spectral function A(k, ω) [1] . ARPES reveals in compounds with intermediate doping a quasiparticle (QP) dispersion consistent with a large electronic Fermi surface. On the other hand the conclusions on the QP character, as deduced from the low-energy ω ∼ 0 spectral properties, are less clear. Still it seems that spectral shapes are never underdamped, as expected for the QP excitations near the Fermi surface within the usual Fermi liquid (FL) theory. In order to explain the anomalous response, a phenomenological marginal Fermi liquid (MFL) theory has been proposed [2, 3] , which assumes at low T a frequencydependent QP damping of the form Σ (ω) ∝ ω, rather than the FL behaviour Σ (ω) ∝ ω 2 . While for ARPES the interpretation of results is still controversial [1] , there is more Dedicated to Prof. Wolfgang Götze on the occasion of his 60th birthday agreement on the evidence for the anomalous spin dynamics, as manifested within the NMR relaxation experiments [4] and the neutron scattering [5] , and for the anomalous charge dynamics, as deduced from the resistivity ρ(T ) ∝ T and from the non-Drude form of the optical conductivity [6] . Mentioned anomalies seem to be well accounted by the MFL scenario [2, 3] .
Theoretical investigations of electron Green's functions and related spectral properties, starting on the level of prototype microscopic models for correlated electrons, as the Hubbard model or the t − J model, have reached quite a level of consensus for a single mobile carrier (hole) introduced into the reference insulator [7] , representing the spin polaron in the case of the antiferromagnetic (AFM) spin background [8] . Even here there are open questions in the relation of model results with relevant ARPES experiments [9] . While single-hole results could be possibly extended to the low-doping regime, the spectral properties of the intermediate-doping regime are much more difficult to approach theoretically. So far there has been a number of numerical studies, where A(k, ω) has been calculated via the exact diagonalization and the quantum Monte Carlo methods in small systems [10] [11] [12] . Whereas these investigations obtained valuable information on the QP dispersion and on the location of the Fermi surface (FS), due to several restrictions it was not possible to resolve spectral widths and shapes, so results were quite restricted in determining the low-energy QP properties, being at the core of different scenarios for the 'strange' metal. Recently a novel numerical method [13] , combining Lanczos diagonalization and random sampling for finite systems at T > 0, has been applied to the study of A(k, ω) within the t − J model [14] . It was possible to extract self energies Σ(k, ω), which revealed the anomalous behaviour following the MFL scenario, i.e. for k ∼ k F it was found Σ (k, ω) ∝ |ω| + ξT . This finding is consistent with the MFL-type charge and spin dynamics, as found previously in numerical studies within the t−J model [15] , as well as in experiments on cuprates [4, 6] .
There have been few attempts to treat electron Green's functions analytically at intermediate doping. Starting from the one-band Hubbard model, self energies have been related to the AFM spin fluctuations within the random phase approximation and weak coupling [16] , and within a selfconsistent (FLEX) theory [17] . Both approaches rely on the assumption of modest correlations, i.e. not too large U/t. At least within the weak coupling the analysis yields a lowenergy behaviour according to the normal FL. Spectral functions in the strong-correlation regime, where the t−J model should be more appropriate starting point, have proven to be even harder due to projections involved in fermionic operators and due to the composite character of electrons within the slave-boson theories [18] .
In this paper we introduce a simple theory for the electron Green's function G(k, ω) in the strong-correlation regime. The central observation is that within the t−J model one can work directly with projected fermionic operators. Since these prevent the application of usual diagrammatic techniques, we apply the method of equations of motion to express the self energy Σ (k, ω) . Working at T = 0 we divide Σ into a contribution coherent at ω → 0, and an incoherent part. We approximate the former by performing a decoupling into the single-particle propagation and spin fluctuations. We do not intend to evaluate within the same framework the spin dynamics, so we assume it of the MFL-type form, as found in previous studies [15] . In spite of its simplicity such an analysis yields promising features.
II. Projected electron propagator
In the following we study the t−J model [19] as a prototype model for strongly correlated electrons, and for electronic properties of cuprates in particular,
where we have omitted usual but less important densitydensity coupling in the J term, and 
where z = ω + iδ, δ > 0, μ is the chemical potential, and
